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Abstract 

Objective: Bone marrow fibrosis is the second most common complication that causes morbidity and mortality in 
patients with Philadelphia-negative myeloproliferative neoplasms (MPNs). The aim of this study was to investigate the 
association between JAK2V617F mutation and bone marrow fibrosis at diagnosis in patients with MPNs. 

Material and Methods: In total, 149 patients with MPNs were retrospectively evaluated to determine if there was an 
association between the histological grade of bone marrow fibrosis and JAK2V617F mutation. 

Results: In all, 67.7% of the patients carried the mutated JAK2 gene. The presence of JAK2V617F mutation was not 
associated with the occurrence of bone marrow fibrosis (P = 0.55) or its grade at diagnosis (P = 0.65). 

Conclusion: Molecular mechanisms or genetic defects other than JAK2V617F may underlie the occurrence of bone 
marrow fibrosis in patients with MPNs. 
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Ozet 

Amac: Kemik iligi fibrozu, Philadelphia negatif miyeloproliferatif neoplazili (MPN) hastalarda morbidite ve mortaliteye 
yol acan ikinci en sik komplikasyondur. Bu calismamn amaci MPN'li hastalarda tarn amnda kemik iliginde gdrulen 
fibroz ile JAK2V617F mutasyonu arasindaki Mis kin in arastirilmasidir. 
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Gere? ve Yontemler: Cahsmaya retrospektif olarak dahil edilen 149 MPN tamh hasta JAK2V617F mutasyonu ile 
kemik iligindeki fibroz arasmdaki iliski acisindan degerlendmhnistir. 

Bulgular:^ali§mayaalinanhastalarin%67.7'sindeJAK2V617Fgenmutasyonunarastlandi.AncakJAK2V617Fmutasyonu 
ile kemik iligindeki fibroz varhgi ve derecesi arasinda iliski saptanmadi (sirasiyla, P = 0.55 ve P = 0.65). 

Sonuc: MPN'de gorulen kemik iligi fibrozunun altinda JAK2V617F mutasyonu disinda bazi molekuler mekanizma veya 
genetik bozukluklarin yattigi sonucuna vardmistir. 

Anahtar Sozciikler: JAK2V617F, Miyeloproliferatif hastahk, Kemik iligi fibrozu 



Introduction 

Polycythemia vera (PV), primary myelofibrosis (PMF), 
and essential thrombocythemia (ET) are the 3 classical 
Philadelphia chromosome -negative chronic myeloprolif- 
erative neoplasms (MPNs) that are characterized by clonal 
proliferation of multipotent hematopoietic progenitor 
cells. New discoveries concerning the molecular pathogen- 
esis of MPNs have changed the nature of their classifica- 
tion and diagnosis. [1] Janus kinase 2V617F (JAK2V617F) 
point mutation is a recently identified acquired genetic 
defect that is present in 95% and 50% of patients with 
PV and ET/PMF, respectively. [2-4] The mutation encodes 
an inducible tyrosine kinase of the intracellular signaling 
pathway that promotes myeloid proliferation and differ- 
entiation. 

Bone marrow fibrosis occurs either as a primary disease 
(PMF) or as a late complication of PV and ET. Fibrosis 
contributes to morbidity and mortality in patients with 
MPNs together with additional risk factors. [5,6] Patients 
usually suffer from fatigue, malaise, weight loss, bone 
pain, and abdominal distension. The severity of symp- 
toms is associated with the extent of anemia and spleno- 
megaly. Unfortunately, treatment has been palliative and 
mostly disappointing until recently, consisting mainly of 
transfusion and other modalities that reduce the size of 
the spleen. Discovery of JAK2V61 7F mutation and current 
progress in the molecule targeted treatment technologies 
lead to the development of JAK2 inhibitors which seem to 



yield promising results in selected groups of patients with 
myelofibrosis and created a certain enthusiasm. But fur- 
ther evidence from randomized studies should be awaited 
before drawing firm conclusions on the role of JAK2 inhib- 
itors in the management of MPN associated bone marrow 
fibrosis. 

It has been reported that there is a possible relationship 
between the homozygosity of JAK2V617F mutation and 
the extent of bone marrow fibrosis in patients with PV. [7,8] 
Tefferi et al. reported that PV patients with homozygous 
JAK2V61 7F mutation were more likely to transform into 
myelofibrosis (23% vs. 2% of patients with homozygous 
and heterozygous JAK2V617F mutation, respectively). 
Passamonti et al. also suggested that PV patients homo- 
zygous for JAK2V617F are more prone to transformation 
into myelofibrosis with myeloid metaplasia. [9] The inven- 
tion of potent J AK2 -inhibitor drugs seem to open a new 
era in the treatment of classic MPNs. The impact of JAK2 
inhibitors on bone marrow fibrosis is of clinical impor- 
tance. As such, the present study aimed to investigate the 
association between JAK2V61 7F mutation and bone mar- 
row fibrosis at diagnosis in patients with classic MPNs. 

Materials and Methods 

Patients 

We retrospectively reviewed the records of 149 patients 
with MPNs that were diagnosed and treated between 1996 
and 2009 at our institution. Patients were diagnosed 



Table 1: Bone marrow fibrosis. 



Bone marrow fibrosis, as rearranged and 
defined in the present study 


Corresponding Grading Systems for Fibrosis 


I 

(Grades from 0 to 3) 


II 

(Grades from 0 to 4) 


no fibrosis 


0 


0 


minimal 


1 


1 


moderate 


2 


2,3 


marked 


3 


4 
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Table 2: Patient characteristics. 



Patients (n) 


i-ry 


Male: female ratio 


77.7') 


Median age at diagnosis 
(years) [range] 


61 [17-86] 


Median blood counts at 
diagnosis [range] 




Hemoglobin (g dlr 1 ) 


13.2 [6.2-19.4] 


Hematocrit (%) 


42.0 [18.1-61.9] 


Leukocyte (xlO 9 L 1 ) 


9.01 [2.0- 933.5] 


Platelet (xlO 9 L 1 ) 


452 [40 - 1391] 


JAKV61 7F status, n (%) 




Positive 


101 (67.7) 


Negative 


52 (32.3) 


Bone marrow fibrosis, n (%) 




Present 


107 (71.8) 


Absent 


42 (28.2) 


MPNs, n (%) 




PV 


80 (53.7) 


ET 


37 (24.8) 


PMF 


18 (12.1) 


uMPN 


14 (9.4) 



BM: Bone marrow; ET: essential thrombocythemia; MPNs: myelo- 
proliferative neoplasms; PMF: primary myelofibrosis; PV: polycythe- 
mia vera; uMPN: unclassifiable myeloproliferative neoplasm. 

according to the international criteria for MPNs that were 
valid at the time they were diagnosed. [10, 11] Bone mar- 
row fibrosis at diagnosis was assessed by an expert hema- 
topathologist and scored according to one of the two 
grading scales that was in use at the time of pathologic 
examination as reported in detail elsewhere. [11,12] For 
practical purposes we merged these two grading scales by 
rearranging the patients into 4 subgroups with 'no', 'mini- 
mal', 'moderate' and 'marked' fibrosis. The 2 pathologi- 
cal grading scales and the corresponding 4 subgroups are 
given in Table 1 . JAK2V61 7F testing has been available at 
our hospital since 2006; therefore, patients in the study 
that were diagnosed before 2006 underwent JAK2V61 7F 
testing upon entering the study and all the other patients 
were tested during their initial evaluation. The study pro- 
tocol was approved by the Ethics Committee of Cerrahpasa 
Medical Faculty and was conducted according to the prin- 



ciples of the Declaration of Helsinki. All the participants 
provided written informed consent to participate in the 
study. 

Methods 

JAK2V61 7F mutation testing was performed via allele- 
specific polymerase chain reaction (PCR) in all the patients. 
Into ethylene diamine tetra-acetic acid (EDTA)-containing 
sample tubes (Greiner Bio-One GmBH, Kremsmiinster, 
Austria), 2 mL of venous blood was collected from each 
patient via peripheral venipuncture. Using standard tech- 
niques, as previously described, [13] DNA was extracted 
from the blood samples and stored at -70 °C. PCR ampli- 
fication for the detection of JAK2V61 7F and visualization 
of the PCR products were carried out using a commercial 
assay (SeeplexJAK2 Genotyping Kit). 

Statistics 

Pearson's chi-square test and the odds ratios were 
used to compare and describe the fibrosis occurrence rate 
between JAK2V61 7F-positive and negative groups. Statis- 
tical analysis was performed using SPSS v. 15.0 (SPSS Inc., 
Chicago, IL, USA). Statistical significance was set at P < 
0.05. 

Results 

Among the 149 patients included, 80 had PV, 37 had 
ET, and 18 had PMF. Despite exhibiting the classical lab- 
oratory and clinical features of MPNs, 14 patients could 
not be assigned to a specific subgroup and were diagnosed 
as unclassifiable MPN (uMPN). Patient characteristics are 
shown in Table 2. In all, 67.7% of the patients carried the 
mutated JAK2 gene. The frequency of JAK2V617F muta- 
tion was highest in the patients with uMPN (85.7%), fol- 
lowed those with PV (80%), PMF (50%), and ET (43.2%). 
Bone marrow fibrosis (varying in grade) was observed in 
107 of the 149 patients at the time of diagnosis (Table 3). 

Bone marrow fibrosis at diagnosis was not associated 
with the JAK2V617F mutation (P = 0.55). The odds ratio 
for bone marrow fibrosis between the JAK2V61 7F-posi- 
tive and JAK2V61 7F-negative patients was 1.27 (95% CI: 
0.58-2.77), i.e. occurrence rate of fibrosis in bone marrow 
was not increased in JAK2V61 7F-positive subjects (Figure 
1). Analysis of the relation of JAK2V61 7F to bone marrow 
fibrosis in PV, ET, PMF, and uMPN subgroups separately 
did not yield a significant association between fibrosis and 
the JAK2V617F mutation (Table 4). The grade of bone 
marrow fibrosis at diagnosis did not differ significantly 
between patients with and without JAK2V61 7F mutation 
(P = 0.65) (Figure 2). 
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V617F 
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absent present 

fibrosis in bone 
marrow at diagnosis 



"H 30 




jAK:vei7F 

H NEGATIVE 
■ POSITIVE 



lone marrow fibrosis grade 



Figure 2: JAK2V617F-positivity according to different grades of 
bone marrow fibrosis 



Figure 1: JAK2V617F-positivity and bone marrow fibrosis 
Table 3: Distribution of MPN patients with and without bone marrow fibrosis, according to JAKV617F status 



Patients 


JAK 


with 


without 


BM fibrosis grac 


ie 




(n = 149) 


status 


fibrosis 


fibrosis 


mild 


moderate 


marked 


Total 


PV 


positive 


44 


20 


27 


10 


7 


64 


(n = 80) 


negative 


9 


7 


8 


1 


0 


16 


ET 


positive 


9 


7 


7 


2 


0 


16 


(n = 37) 


negative 


16 


5 


10 


5 


1 


21 


PMF 


positive 


9 


0 


1 


1 


7 


9 


(n = 18) 


negative 


9 


0 


0 


3 


6 


9 


uMPN (n = 14) 


positive 


9 


3 


6 


2 


1 


12 


negative 


2 


0 


2 


0 


0 


2 


Total 


107 


42 


63 


22 


22 





BM: Bone marrow; ET: essential thrombocythemia; uMPN: unclassifiable myeloproliferative neoplasm; PMF: primary myelofibrosis; 
PV: polycythemia vera. 



Discussion 

The classic MPNs are considered clonal disorders that 
occur due to some mutations in hematopoietic progenitor 
cells. Despite new discoveries concerning the molecular 
mechanism of MPNs, their genetic background is not fully 
known and requires further investigation. JAK2V61 7Fis an 
acquired gain-of-function mutation that has been recently 
described in patients with Philadelphia chromosome-neg- 
ative MPNs, including primarily PV and ET. The mutated 
gene encodes the tyrosine kinase called JAK2, which, with 



other mediators, plays an important role in induction of 
myeloid cell proliferation and differentiation. JAK2 is an 
essential component of the intracellular signaling system 
associated with certain cytokines such as interleukin (IL)- 
3, IL-5, and colony stimulating factors and with growth 
factors like thrombopoietin, and erythropoietin. [14] 

Fibrosis is an essential descriptive component of PMF, 
and occurs in 5-14% of patients with PV and 15-20% of 
patients with ET at diagnosis. [11, 15, 16] In patients with 
fully developed disease bone marrow is replaced by fibrous 
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Table 4: The association between J AK2V617F mutation and bone marrow fibrosis at diagnosis in the MPN subgroups 



Patients (n) 


Subgroup 


JAKV617F 
mutation 


without BM fibrosis 


with BM fibrosis 


P 


OR (95%CI) 


PV 


Positive 


20 


44 


0.35 


1 71 (0 56-5 25) 




Negative 


7 


9 


ET 


Positive 


7 


9 


0.21 


0.04 (0.09-1.64) 




Negative 


5 


16 


PMF 


Positive 


0 


9 


* 


* 




Negative 


0 


9 




uMPN 


Positive 


3 


9 


* 


* 




Negative 


0 


2 






Total 


Positive 


30 


71 


0.55 


1.27 (0.58-2.77) 




Negative 


12 


36 



BM: Bone marrow; CI: confidence interval; ET: essential thrombocythemia; uMPN: unclassifiable myeloproliferative neoplasm; PMF: primary 
myelofibrosis; PV: polycythemia vera. 

*Statistical analysis could not be performed due to the small number of patients. 



connective tissue, causing extramedullary hematopoiesis. 
Myelofibrosis is the second most common complication 
in patients with classic MPNs, which leads to cytopenias, 
splenomegaly, poor quality of life, and reduced survival. 
[5,17] Intramedullary fibrosis in patients with MPNs 
occurs through induction of stromal elements in bone 
marrow via a set of mechanisms. It has been postulated 
that the mutant JAK2 causes increased proliferation of 
granulocytes and platelets which in turn, leads to bone 
marrow fibrosis by producing large quantities of stimu- 
latory cytokines, such as transforming growth factor-beta 
(TGF-(3), platelet-derived growth factor (PDGF), and 
fibroblast growth factor-beta (FGF-(3). [3,7,9] The exact 
role of JAK2V617F in bone marrow fibrosis remains to be 
determined. 

JAK2V617F has been reported to occur in 40-91% of 
patients with MPN-associated myelofibrosis [7]; in the 
present study 71 of the 107 patients (66%) with bone mar- 
row fibrosis at diagnosis carried the mutation. Consider- 
ing that the prevalence of JAK2V61 7F in the MPN patients 
without bone marrow fibrosis (71%) did not differ signifi- 
cantly from those with fibrosis, we think that there should 
be other genetic and environmental factors — apart from 
JAK2V61 7F that contribute to the deposition of fibrous 
tissue in the marrow. Passamonti et al. reported that 
JAK2V61 7F mutation activates granulocytes and mobilizes 
CD34 cells, and that the transition of JAK2V617F from 
heterozygosity to homozygosity could play a role in the 



progression of PV to post-PV myelofibrosis; [9] however, 
this has not yet been confirmed. 

The discovery of the association between JAK2V61 7F 
and MPNs has facilitated the invention of new targeted 
treatment strategies and resulted in the development of 
JAK2 inhibitor drugs for patients with myelofibrosis. A 
limited number of studies on the use of JAK inhibitors in 
patients with myelofibrosis reported a dramatic decrease 
in the size of splenomegaly, but no significant improve- 
ment in leukocyte counts, anemia, number of platelets, 
and bone marrow fibrosis has been observed. [18, 19,20] 
This incomplete resolution of signs and symptoms with 
JAK2 inhibition supports our view, i.e. JAK2V61 7F is not 
the only actor of the scene, there should be other molecu- 
lar mechanisms and/or mutations which contribute to the 
development of fibrosis in the bone marrow of patients 
with MPNs. 

Although limited by its retrospective design, the pres- 
ent study clearly shows that the JAK2V617F mutation 
was not associated with the occurrence of bone marrow 
fibrosis or its grade at diagnosis. Additional large-scale 
multi-center studies with MPN patients are required to 
further delineate the impact of JAK2 and/or other addi- 
tional factors on the development of bone marrow fibrosis. 
Studies on newly discovered target-oriented drugs — apart 
from their contribution to treatment success — may help in 
uncovering the probable molecular mechanisms of MPNs. 
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